Abstract
Peroxidase-antiperoxidase immunocytochemistry was utilized to investigate the synaptic organization of enkephalinlike immunoreactive amacrine (Enk-amacrine) cells in the chicken retina. An initial light microscopic analysis revealed that immunostained cell bodies were situated in either the second or third tier of cells from the border of the inner nuclear and inner plexiform layers. The processes of such cells extended into the inner plexiform layer where they ramified as a fine plexus in sublaminae 1 and 3 to 5. At the ultrastructural level, enkephalin-positive somas exhibited a rather dense and evenly distributed peroxidase reaction product throughout their cytoplasm. Furthermore, the nucleus of Enk-amacrine cells was characterized by a round, unindented nuclear membrane. lmmunoreactive processes of such cells were found to receive synaptic input from unstained amacrine and bipolar cells. lmmunolabeled varicosities formed conventional synaptic contacts onto other vesicle-filled, nonimmunoreactive profiles tentatively suggested to originate from amacrine cells. Bipolar cell terminals did not receive synaptic input from stained varicosities of enkephalin-immunoreactive amacrine cells. Moreover, each of the above synaptic relationships were identified in each of sublaminae 1, and 3 to 5 of the inner plexiform layer. In addition, labeled varicosities of Enk-amacrine cells synapsed upon unstained processes which lacked synaptic vesicles and possibly arise from ganglion cells. Enkephalin-positive processes were also observed to synapse upon the vitreal pole of unstained somas situated in the innermost cell row of the inner nuclear layer. Lastly, large immunoreactive varicosities of Enk-amacrine cells were often characterized by the presence of large dense-core vesicles in addition to typical, small agranular synaptic vesicles.
receptors (Medzhiradsky, 1976; Howells et al., 1980) , assayable enkephalin immunoreactivity (Humbert et al., 1979) , and enkephalinlike immunoreactive neurons (Brecha et al., 1979; Stell et al., 1980 Stell et al., , 1981 Tornqvist et al., 1981; Altschuler et al., 1982; Fukuda, 1982; lshimoto et al., 1983; Watt et al., , 1984a Eldred and Karten, 1984) have been reported in some teleost, amphibian, avian, and mammalian retinas. A comparative analysis of previous immunocytochemical studies reveals that enkephalin immunoreactivity, when present, is localized to one or more subpopulations of amacrine cells. Moreover, enkephalin-like immunoreactive amacrine cells (Enkamacrine cells) of different species appear to have different patterns of ramifications in the inner plexiform layer. Only limited reports have appeared which address the electrophysiological properties of enkephalins in the vertebrate retina (Dick et al., 1980; Djamgoz et al., 1981) . These studies indicate that the enkephalins influence the visual responses of ganglion cells, possibly as the result of direct/ indirect interactions with GABAergic amacrine cells (Djamgoz et al., 1981) .
It is evident that our present understanding of the functional nature of the opiate system in the retina is still in its infancy and that future experimentation should include a careful examination of both the physiological properties and the synaptic organization of retinal opiate pathways. It is with these objectives in mind that we now report on the synaptic organization of Enk-amacrine cells in the chicken retina using electron microscopic immunocytochemistry.
Materials and Methods
Antiserum.
The antiserum (batch A206) utilized in the present study was directed against Leu'-enkephalin and was obtained from Dr. K. -J. Chang. The details of its preparation and characterization have been described previously (Miller et al., 1978; Sar et al., 1978; van Leeuwen et al., 1983) .
Fixation.
Nineteen 4-to 6-week-old chickens were used in the present study. Animals were exposed to ordinary room light prior to decapitation following light etherization.
An eye was immediately enucleated, the anterior half was removed, and the remainder of the eyecup with the retina attached was immersed in cold oxygenated
Ringer's solution (in grams per liter: NaCI, 8.5; KCI, 0.3; CaCl*. 2H20, 0.58; MgSO.+ 0.25: NaHC03, 2.75; N@Od. H20, 0.18; and glucose, 1.8, pH 7.3). The retina was removed from the eyecup and placed in cold fixative (4% paraformaldehyde and 0.1% glutaraldehyde in 100 mM phosphate buffer, pH 7.3) for 1 hr. The tissue was next transferred to fresh fixative (4%) without glutaraldehyde and stored overnight at 4OC. Sectioning.
On the following day, the retina was transferred to 20 mM phosphate-buffered saline (PBS, 20 mM phosphate buffer, 0.9% NaCI, pH 7.3) and brought to room temperature.
The retina was diced into small trapezoid-shaped pieces (3 x 4 mm), each of which was encapsulated in low gelling temperature agarose (4% in PBS) at 37'C, allowed to cool, and vibratome sectioned in the transverse plane at a thickness of 75 pm. Sections were transferred immediately from the PBS collecting medium to normal goat serum (10% in PBS) and gently agitated on an orbital rotator for a period of 1 hr at room temperature.
Staining procedures. lmmunoperoxidase and immunofluorescent staining techniques employed in the present study are modifications of protocols -PC -0P
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-GC ' Vol. 5, No. 4, Apr. 1985 Figure 7. A, Transverse section of the chicken retina incubated in Leu'-enkephalin antiserum with Triton X-100. The large block arrow points to a typical rmmunoreactrve amacnne cell body with its process entering the inner plexrform layer. lmmunoreactive processes are distributed predominantly within sublaminae 1 (small block arrow), 3, and 4 (asterisk utilized elsewhere (Brecha et al., 1979; Brandon et al., 1980) . Experiments for electron microscopy were performed without Triton X-100. In experiments for light microscopy only, 0.3% Triton X-100 was included in all incubation media. Additionally, both incubation and rinse times were increased in order to facilitate the penetration of antibodies deeper into the tissue. The following are the protocols for immunostaining at light and ultrastructural levels. lmmunoperoxidase (light microscopic level). Following absorption in 2% normal goat serum for 3 hr, sections were incubated in the primary antiserum (rabbit anti-Leu5-enkephalin, 1 :lOOO in PBS) overnight at 4°C. Next, sections were subjected to two 15.min rinses in PBS. The sections were subsequently incubated in goat IgG raised against rabbit IgG (1:20 in PBS) for 3 hr. The sections were then washed two times for 15 min each in PBS, incubated in rabbit peroxidase-antiperoxidase
(1:50 in PBS) for 3 hr, and subsequently rinsed two times for 15 min each in PBS. The sections were then transferred to the staining solution (10 ml of PBS, 100 ~1 of H*O*, 30 pg of diaminobenzedine tetrahydrochloride) for 4 to 7 min. The staining reaction was terminated by rinsing the sections briefly with PBS. The sections were placed onto glass slides, coverslipped with glycerol, and examined with a Zeiss microscope. Immunoperoxidase (electron microscopic /eve/). Following absorption in 2% normal goat serum for 1 hr, vibratome sections were briefly rinsed in PBS and then transferred to the primary antiserum (rabbit anti-Leu5-enkephalin, 1:2000 in PBS) for 15 min. Next, sections were subjected to two 5-min rinses in PBS. The sections were subsequently incubated in goat IgG raised against rabbit IgG (1:30 dilution in PBS) for 10 min and subsequently rinsed two times for 10 min each in PBS. The sections were then incubated in rabbit peroxidase-antiperoxidase
(1 :150 in PBS) for 10 min and next rinsed two times for 5 min each in PBS. The sections were transferred to the staining solution (10 ml of PBS, 100 ~1 of H202, 30 pg of diaminobenzidine tetrahydrochloride) for 4 to 7 min. The staining reaction was terminated by rinsing the sections briefly with PBS. At this point, the sections were placed on a glass slide, coverslipped with glycerol, and examined propylene oxide. En bloc staining in uranyl acetate (1%) for 1 hr was carried out in the 70% alcohol step. The tissue was then placed in a 1:l mixture of propylene oxide to the embedding medium (Epon-Araldtte) for 1 hr, in a 1:3 mixture overnight, and, finally, the following day, into straight monomer for 4 hr. Following equilibration with the embedding medium, the sectrons were diced into smaller sectrons surtable for electron microscopic examination. Each prece of retina was embedded in a small drop of monomer between two glass slides, one of which was wrapped in aluminum foil. Tape was used to secure the slide mold which was placed in the oven overnight at 60 to 80°C. After polymerization, the foil was peeled away to yield a 75-pm-thick sheet of epoxy containing sections which were flatly embedded. For the ultramicrotome procedure, small areas of the epoxy sheet which contained retinal sectrons were removed from the glass slide with a razor blade, mounted on blank epoxy blocks with cyanoacrylate glue (aron Alpha, Pelco), sectioned with a Sorvall MT-5000 ultramicrotome, and viewed in a JEOL Jem-1 OOCX electron microscope.
Immunofluorescence. lmmunofluorescent staining was performed on Vibratome sections (20 to 30 pm) prepared in the same manner as described above. Sections were incubated Initially in the primary antiserum (1 :lOOO dilution) overnight at 4'C. On the following day, sections were rinsed three times for 10 min each in PBS and subsequently Incubated with goat antirabbit IgG conjugated to fluorescein rsothiocyanate at a dilution of 1:20 for 90 min at room temperature.
The sections were then rinsed four times for 15 mm each in PBS, mounted onto slides with glycerol, and viewed with a Zeiss microscope.
Control. The specificity of the anti-Leu5-enkephalin antiserum was tested by incubating sections in antiserum which had previously been exposed to excess antigen (either Leu5-or Met?-enkephalin, 100 pg/ml of diluted antiserum) for 12 hr at 4'C. Sections incubated with the enkephalin-absorbed antiserum were treated exactly as described above.
Two factors prevent us from stating with certainty that the Leu5-enkephalin antiserum utilized in the present study only recognizes precisely the antigen to which it was raised. First, the antiserum to Leu'-enkephalin used here has recently been shown to cross-react not only with Mep-enkephalin but also with the chemically distinct opioid peptides, dynorphins (van Leeuwen et al., 1983) . All of these compounds share at least four amino acids in their primary amino acid sequence.
Second, it cannot be excluded that other immunoreactive materials are present in the chicken retina which are related structurally to Le&enkephalin and are recognized by the antiserum A206 ( Vandesande, 1979) . In view of the apparent cross-reactive tendencies of our antiserum, as well as a general inability to determine the exact nature of the antigens being stained, we use the term "enkephalin-like immunoreactivity" to describe immunostaining observed in the present study. However, for the sake of brevity, several other terms such as "enkephalin-positive"
and "enkephalin-containing" are sometimes employed in this report as synonyms for enkephalin-like immunoreactivity.
Results
Light microscopic observations. An examination of transverse vibratome-prepared sections stained in the presence of Triton X-l 00 revealed that enkephalin-immunoreactive, pear-shaped cell bodies were situated in the vitreal half of the inner nuclear layer in the second and third tiers of cells from the border of the inner nuclear and inner plexiform layers (Figs. IA and 2) . These immunoreactive cells sent processes into the inner plexiform layer where they formed a fine plexus of varicose fibers in sublamina 1 and a much broader band of labeling throughout sublaminae 3 and 4. In addition, immunoreactivIty was observed occasionally in sublamina 5 near the ganglion cell layer (Fig. IA , open block arrows, and Fig. 2, arrowheads) . Overall, such Initial ObSeNatiOnS correspond well with previous reports on the distribution of enkephalin-like immunoreactive cells in the avian retina (see "Discussion" for details). Moreover, we have produced a monoclonal antibody specifically directed against Le$-enkephalin (Tavella et al., 1985) . This antibody also revealed a staining pattern quite similar to that obtained with the polyclonal antiserum A206 utilized in the present study. In retinas processed without Triton X-100 for electron microscopic analyses, the distribution of enkephalin immunoreactivity was identical to that observed in the presence of Triton X-100, although the peroxidase reaction product appeared as punctate deposits (Fig. ID) . Additionally, an examination of control vibratome sections prior to electron microscopic-embedding revealed a complete absence of enkephalin staining (Fig. 18) . Taken together, these observations indicate that a subpopulation of amacrine cells (designated here as Enk-amacrine cells) in the chicken retina (Figs. IA and 2) probably contains enkephalins or peptides very similar to enkephalins.
Electron microscopic observations. Ultrastructural features of enkephalin-immunoreactive perikarya were studied in transverse retinal sections which were subjected to longer incubation times as used for staining at the light microscopic level. Increasing the incubation times facilitated the penetration of the antibodies deeper into the tissue to a level at which adequately pR?SeNed and stained cell bodies could be detected. An enkephalin-positive soma exhibited a rather dense peroxidase reaction product distributed throughout its cytoplasm with the possible exception of the mitochondria and tubules of endoplasmic reticulum (Fig. 3) . In contrast, the nucleus of an immunoreactive cell was less intensely stained, although the density of nuclear staining was considerably greater than that obSeNed in surrounding unstained perikarya. Furthermore, the nucleus of an Enk-amacrine cell was characterized by a round, unindented nuclear membrane.
At the electron microscopic level, the peroxidase reaction product was distributed throughout the matrix of stained processes with somewhat more dense accumulations associated with small clear vesicles and occasionally with large dense-core vesicles. In fact, large enkephalin-positive varicosities encountered in the present study were often characterized by the presence of large dense-core vesicles in addition to typical small, agranular synaptic vesicles (Fig.  4) . Other morphological features of enkephalin-labeled profiles were not readily apparent due to the disruptive effect of dense accumulation of reaction product within the immunoreactive profiles. Finally, no peroxidase staining was observed upon examination of tissue from control experiments.
An examination of experimental tissue revealed that processes of Enk-amacrine cells participate in several types of synaptic relationships within the inner plexiform layer of the chicken retina. When serving as the postsynaptic element, an Enk-amacrine cell received synaptic input from other unlabeled amacrine cells (Fig. 5) or, less frequently, from bipolar cells (Fig. 6 ). In the latter synaptic arrangement, one member of the dyad was immunoreactive, but the second postsynaptic element was not and usually contained synaptic vesicles. Furthermore, each of these synaptic arrangements was observed in sublamina 1 as well as throughout sublaminae 3 to 5.
Enkephalin-containing amacrine cells participated in several synaptic arrangements in which they SeNf?d as the presynaptic element. In most cases, the identity of the postsynaptic element was not entirely clear, an issue which is addressed further under "Discussion." First and most of-ten, an immunoreactive varicosity was observed to form a single, conventional synaptic contact onto another unlabeled vesicle-filled profile (Fig. 7) . Such postsynaptic targets were not observed to contain a synaptic ribbon although, occasionally, they did receive input from a bipolar cell (Fig. 78) . On occasion, an Enk- labeled varicosity which synapsed onto a vesicle-filled profile served inner plexiform layer (Fig. 8) . Enkephalin-containing amacrine cells as the intermediate synaptic element in a serial synapse (Fig. 7C) .
were also observed to contact unlabeled processes which did not Furthermore, in some instances, vesicle-filled profiles postsynaptic contain synaptic vesicles and whose origin remains uncertain (see to enk-amacrine cells contained small dense-core vesicles in addition "Discussion"). Within sublamina 5 of the inner plexiform layer, a to typical agranular synaptic vesicles. In one example (Fig. 7/I ), the labeled varicosity was occasionally observed to form a conventional dense-core vesicle-containing profile formed a conventional synapse synapse onto a large proximal process which was void of synaptic onto another unidentified process. Finally, enk-amacrine cells were vesicles and which most likely emanated from a cell in the nearby observed to Contact vesicle-filled profiles in sublamina 1 as Wel l Xi ganglion cell layer (Fig. 9A) . Furthermore, throughout the innermost throughout sublaminae 3 to 5.
haIf of the i nner plexiform layer, an immunoreactive VaricOSiv was
Enkephalin-stained processes in sublamina 1 were found to synnoted infrequently to contact a small profile which lacked synaptic vesicles and in some instances was characterized by the presence apse upon the soma of cells situated along the outer border of the of vesiculated endoplasmic reticulum (Fig. 98) . Light microscopic observations. The existence of enkephalin-like considerably between the various reports. In each of the previous immunoreactive amacrine cells in the pigeon and chicken retina investigations, enkephalin-immunoreactive fibers were observed in (Brecha et al., 1979; Tornqvist et al., 1981; Fukuda, 1982;  lshimoto sublaminae 3 and 4 and, thus, their distribution compares favorably et al., 1983; has recently been reported in several with the present study. However, in two of these studies (Tornqvist studies. Our light microscopic investigations are generally consistent et al., 1981; lshimoto et al., 1983) , enkephalin-stained fibers were with these reports. For instance, all studies agree on the location not found in sublamina 5 of the inner plexiform layer. This observation and density of the somas of Enk-amacrine cells and confirm that is in contrast to the present study in which enkephalin immunoreacthe processes of these cells project radially into the inner plexiform tivity was observed in sublamina 5 at both the light and electron layer where they form a fine plexus of varicose fibers in sublamina microscopic levels. It is likely that these variations in the distribution 1. However, the pattern of immunoreactivity present in the proximal of enkephalin-immunoreactive processes arise in part from factors nique permitted us to identify with certainty enkephalin-containing processes at the ultrastructural level. Unfortunately, the identities of synaptic elements with which enkephalinergic amacrine cells interact were not always so readily distinguished. In spite of these limitations, a number of interesting observations have emerged from our electron microscopic studies. As the postsynaptic element, Enk-amacrine cells were observed to receive either ribbon-or conventional-type synaptic contacts. With respect to the ultrastructural organization of the inner plexiform layer, it is generally accepted that bipolar cell terminals always contain synaptic ribbons which, in turn, occur only in bipolar cells (Dowling and Boycott, 1966; Rodieck, 1973) . Accordingly, the presynaptic elements which form ribbon synaptic junctions with enkephalinstained elements most likely originate from bipolar cells. Furthermore, when an immunoreactive process received a ribbon synapse, the second member of the dyad was always unlabeled and usually vesicle filled. This finding correlates well with previous reports which indicate that, in the avian retina, both postsynaptic members at a ribbon synapse are usually of amacrine cell origin (Dubin, 1970) .
Processes of enk-amacrine cells were also frequently observed to receive convenGonal synaptic contacts from unlabeled vesiclefilled profiles. Cumulative observations from previous studies indicate that, in the avian retina, convenGonal synapses originate from two sources: amacrine cells (Dubin, 1970; Rodieck, 1973) and centrifugal Rodieck, 1973, pp. 781-904) described several morphologically distinct types of amacrine cells in the avian retina whose processes such as (I) differences in the antisera used, (2) differences in distributed either diffusely or in a laminar fashion throughout the experimental protocols employed, and/or (3) differences in personal various levels of the inner plexiform layer. However, it is not known interpretations of data (Childs, 1983; Petrusz, 1983) .
which of these types of amacrine cells contact Enk-amacrine cells. ldentificatlon of synaptic elements. A common and recurring With respect to centrifugal fibers, Dowling and Cowan (1966) reproblem encountered in the present as well as past studies of retinal ported that, in the pigeon retina, the synaptic endings of these axons ultrastructure involves the identification of the processes participating were observed most often along the outer margin of the inner in synaptic relationships. For instance, in the present study, we were plexiform layer where they contacted primarily large basal processes interested in defining the synaptic interactions of enkephalin-like of amacrine cells. In the present study, immunoreactive basal procimmunoreactive amacrine cells in the inner plexiform layer of the esses of Enk-amacrine cells were seldom observed in sublamina 1. chicken retina. The electron microscopic immunocytochemical techHowever, when identified, they were not found to receive conven- Figure 9 . Enkephalin-positive varicosities (open block arrows) presynaptic to processes (black asterisks) which lack synaptic vesicles. So, soma in adjacent ganglion cell layer. The solid block arrows point to the sites of synaptic contact. In 6 the white asterisk denotes a nearby stained varicosity. Magnification:
A, x 21,000; B, x 34,000. tional synaptic input. Moreover, small distal processes of Enkamacrine cells were not observed to receive conventional synapses from vesicle-filled profiles displaying the characteristic features of centrifugal boutons as described by Dowling and Cowan (1966) . Thus, although it is possible that the morphological characteristics as well as the synaptic relationships of centrifugal axonal boutons in the chicken retina differ from those observed in the pigeon, our findings to date indicate that non-enkephalinergic amacrine cells probably serve as the primary, if not the only, source of conventional input to Enk-amacrine cells in the chicken retina.
When identified as the presynaptic element, enkephalin-immunoreactive varicosities were most often observed to synapse onto other unlabeled vesicle-filled profiles, while occasionally contacting processes of various sizes which did not contain synaptic vesicles. Based on the following observations, vesicle-containing profiles, which were postsynaptic to Enk-amacrine cells, were presumed to be amacrine cell varicosities. First, such vesicle-filled profiles were sometimes observed to form conventional synapses, a characteristic feature of amacrine cell synaptic processes in the retina (Rodieck, 1973) . Second, a vesicle-filled profile postsynaptic to an Enk-amacrine cell was occasionally found to receive a ribbon synapse from a bipolar cell terminal. Such structures were interpreted to be amacrine cell varicosities, since synaptic contacts between bipolar cells have not been reported in this retina (Rodieck, 1973) . Third, vesicle-filled profiles postsynaptic to Enk-amacrine cells occasionally were noted to possess small dense-core vesicles. Within the inner plexiform layer of various species (for references, see Rodieck, 1973) such granulated vesicles have been associated with amacrine cell processes, ganglion cell dendrites, and/or centrifugal fibers. However, dense-core vesicles have not been observed in vesiclefilled structures which contain synaptic ribbons. Finally, in the present study a synaptic ribbon was never observed in a vesicle-filled profile that was postsynaptic to an enkephalin-immunoreactive amacrine cell.
The origin of somas in the inner nuclear layer and non-vesiclecontaining processes in the inner plexiform layer which both received conventional synapses from Enk-amacrine cells remains uncertain in the present study. In addition to amacrine cells, a prominent population of displaced ganglion cells has been observed in the chicken within the innermost cell row of the inner nuclear layer (Heaton et al., 1979) . Therefore, it is possible that somas postsynaptic to enkephalin cells in the present study arise from amacrine and/or displaced ganglion cells. In sublamina 5 of the inner plexiform layer, enkephalin-stained varicosities were occasionally observed to contact large proximal processes in the vicinity of the ganglion cell layer. In addition to ganglion cells, displaced amacrine cells have been described in the ganglion cell layer of the avian retina (Rodieck, 1973, pp. 781-904) and it would appear that their numbers are quite substantial (Binggeli and Paule, 1969) . Therefore, the processes of Enk-amacrine cells may interact with the basal processes of ganglion cells and/or displaced amacrine cells. Throughout the proximal half of the inner plexiform layer, Enk-amacrine cells were occasionally observed to contact small profiles which lacked synaptic vesicles. Such profiles were usually void of identifiable organelles, although in some instances they were characterized by the presence of vesiculated endoplasmic reticulum. Unfortunately, in the avian retina as well as in most other species, it is difficult to differentiate at the electron microscopic level small ganglion cell dendrites from small processes of amacrine cells which lack synaptic vesicles (Dubin, 1970) . Therefore, it is possible that ganglion cells and/or amacrine cells give rise to such small distal processes which lack synaptic vesicles and are postsynaptic to Enk-amacrine cells.
Circuitry of enkephalinergic amacrine cells. Some of the major synaptic relationships between Enk-amacrine cells and other neurons in the chicken retina are summarized as a schematic diagram in Figure IO . First, Enk-amacrine cells are pre-and postsynaptic to other non-Enk-amacrine cells in sublaminae 1, 3, 4, and 5. Studies are presently under way to determine the identities of cells with which Enk-amacrine cells interact in the chicken retina. Our preliminary physiological studies indicate that enkephalin inhibits the K+-stimulated release of dopamine and GABA in the chicken retina (Su et al., 1984 (Su et al., , 1985 . Whether or not this inhibition is the result of direct interactions between Enk-amacrine cells and either dopaminergic or GABAergic amacrine cells must await future studies in which multiple histochemical and autoradiographic localizations are performed at the electron microscopic level in the same retina. Second, Enkamacrine cells also receive synaptic input from bipolar cells in sublaminae 1, 3, 4, and 5. In this regard, it is of interest that, in most vertebrate retinas examined, the proximal region of the inner plexiform layer has been found to be associated mainly with the processing of on-center information, whereas the distal region concentrates predominantly on off-center information (Famiglietti et al., 1977; Stell et al., 1977; Nelson et al., 1978) . If this aspect of retinal organization is conserved in the chicken retina, then the Enkamacrine cells probably receive input from both on-center (Bb) and off-center (Ba) bipolar cells. Third, Enk-amacrine cells synapse upon the soma of amacrine and/or displaced ganglion cells. Also, within sublamina 5, Enk-amacrine cells also contact ganglion and/or displaced amacrine cells. Direct anatomical proof of Enk-amacrine cell input directly onto ganglion cells, either displaced or typical, may be obtained in future studies by combining enkephalin immunocytochemistry with horseradish peroxidase backfilling of ganglion cells in the same retina.
Enkephalins as retinal neurotransmitters or modulators. Although there are as yet no published reports on the effects of enkephalins and other opiates in the processing of visual information in the avian retina, in amphibian and teleost retinas, exogenously applied enkephalins have been shown to influence the responses of certain ganglion
